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DUAL MAGNETRON SPUTTERING APPARATUS UTILIZING CONTROL MEANS 
FOR DELIVERING BALANCED POWER 

BACKGROUND OF THE INVENTION 

5 

Field of the Invention 

This invention relates generally to ac high power supplies designed specifically 
for use in a plasma environment. These power supplies provide wide-range, mid 
frequency sinusoidal process power for dual-magnetron sputtering. More particularly this 
10 invention relates to a dual magnetron power supply that utilizes a control means for 
delivering controlled balanced power to dual targets to achieve even deposition rates to 
both targets or uneven deposition rates if so desired. 

Brief Description of the Prior Art 

15 AC dual magnetron power supplies are ideally suited for large-area glass coating 

applications such as architectural, automotive, anti-reflective, and mirrors. In these 
applications there have been operational process difficulties attributed to asymmetrical 
cathode behavior. Symptoms include coat-over of one target in a pair or radically 
different erosion rates in a target pair. These problems can occur with all alternating 

20 current sine generators and can be due to an unbalance in delivered power between the 
targets. Possible causes of this unbalance can be due to uneven gas flows, different or 
uneven magnetic fields, targets with different oxidation states, or targets of different 
thicknesses. Some of these causes are inherent, and some may be eliminated or alleviated 
by forcing a balance or deliberate power unbalance. For example, if the unbalance is due 

25 to different oxidation states of the two targets, one. may apply more power to the target 
" with the higher coverage of oxide, causing the oxide coating to be sputtered away on that 
target, rebalancing the targets. 

In transformer-coupled parallel-resonant power supplies that do not have a 
secondary side dc blocking capacitor (series capacitor), the presence of cathode 

30 asymmetry results in direct current flow in the transformer secondary and thus the load. 
This direct current flow subtracts from thecurrent into one target and adds to the current 
in the other, resulting in an asymmetry in current levels in the two targets. Since the 
transformer secondary can have no average voltage across it, the volt-second area to each 
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target must be the same. Taken with the current asymmetry, this implies a difference in 
power to the two targets. Alternatively, other power supplies may utilize a dc blocking 

capacitor in series with the output, such as the Crystal® brand power supply 

manufactured by Advanced Energy Industries, Inc., the assignee of the instant 
5 application. This capacitor prevents the flow of direct current into the load and so ensures 
that the charge delivered to the two targets is the same in each cycle. However, even with 
this charge balance, unbalanced power delivery may occur, since a net charge may 
accumulate on the capacitor, resulting in a difference in voltage between the two targets. 
To date, although this problem has generally been recognized in the industry, no one has 
10 proposed an adequate solution. 

It would be desirable if there were provided a dual magnetron power supply that 
could provide balanced power to the load so that the deposition process on both targets is 
equal. 

It would also be desirable if a power supply was available that could draw an 
15 appropriate amount of bias current to pull the cathodes into power consumption balance 
without overshooting to the opposite asymmetrical state. 

It would also be desirable for a power supply to provide a means of deliberately 
altering the power imbalance power to the two targets as a possible corrective measure. 
This could result over time in a return to symmetrically inherent operation. 
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SUMMARY OF THE INVENTION 



There is provided by this invention a dual magnetron power supply for use in 
plasma sputtering applications that utilizes a circuit at its output to maintain balance of 

25 the power consumption at the cathodes of the plasma sputtering apparatus. This circuit 
can be used for both the AC power supplies with or without that a dc blocking capacitor. 
For power supplies that do not tolerate direct current at its output terminals the balancing 
circuit is comprised of a series connected inductor and a variable resistor that shunts the 
dc current and prevents a portion of the possible dc voltage from being applied to the dc 

30 blocking capacitor. For those ac generators that do tolerate a direct current at its output 
terminals a parallel RCL circuit is placed in series with the output of the transformer. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 illustrates a dual magnetron power supply driving a reactive sputtering process 
5 incorporating the principles of this invention; 

Figure 2 illustrates the complement of the output of a dual magnetron power supply 
shown in Figure 1 wherein the power supply tolerates direct current into its secondary; 
Figure 3 is an implementation of the variable resistor shown in Figures 1 and 2 as a 
transistor operated linearly; 
10 Figure 4 is an implementation of the variable resistor shown in Figures 1 and 2 as a boost 
converter; 

BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENTS 

15 There is shown in Figure 1 a reactive dual magnetron sputtering system 10 that 

incorporates the principles of this invention. The power source is generally comprised of 
an ac generator 12 connected to the primary of a transformer 14 with its secondary output 
connected to dual targets 16 and 18 mounted in a plasma chamber 20. A blocking 
capacitor 22 is placed in series with the target loads 16 and 18 to prevent the flow of dc 

20 current to the target loads. A balancing circuit 24 is placed in parallel with the blocking 
capacitor 22 across the secondary of the transformer; The balancing circuit 24 is 
comprised of an inductor 26 and a variable resistor 28 that shunts the direct current and 
prevents some dc voltage from being applied to the dc blocking capacitor 22. 

Figure 2 illustrates reactive dual magnetron sputtering systems such as 10 that 

25 utilize an ac generator of the parallel-resonant type that do not include a blocking 

capacitor such as 22 and behaves as an ac voltage source. In this instance a parallel RCL 
circuit 30 is placed in series with the output of the transformer. This circuit is the 
complement or dual of that shown in Figure 1. 

For both circuits the variable resistor may be implemented in at least two ways. Figure 3 
30 illustrates the variable resister 28 being implemented by a transistor 32 operated linearly. 
In Figure 4 a boost converter circuit 34 is utilized to produce a variable resistive output. 
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In both embodiments shown in Figures 1 and 2 the balancing circuits 24 and 30 dissipate, 
or regenerate power in order to balance the delivery of power to the targets. 

It can readily be seen that there is provided herein a novel and unique dual 
5 magnetron sputtering system that utilizes a power supply with balancing circuits that may 
provide balanced power to the load so that the deposition process on both targets is equal, 
or may deliberately unbalance the power to the load in any desired way, perhaps to force 
a redistribution of power so that eventually the targets are balanced. 

Although there is illustrated and described specific structure and details of 
10 operation, it is clearly understood that the same were merely for purposes of illustration 
and that changes and modifications may be readily made therein by those skilled in the 
art without departing from the spirit and the scope of this invention. 
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